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1

COMPUTED TOMOGRAPHY SCANNING
APPARATUS, GANTRY ROTATION
CONTROL DEVICE AND METHOD

THEREOFK

TECHNICAL FIELD

Embodiments of the present invention relate to the field of
Computed Tomography (CT) scanning, and more specifi-
cally, to a computed tomography scanning apparatus and a
gantry rotation control device and method thereof.

BACKGROUND OF THE INVENTION

A Computed Tomography (CT) scanning apparatus usu-
ally comprises a gantry and an x-ray generator capable of
emitting X-rays to a target object (e.g. a user to be scanned)
for scanning while rotating. The gantry comprises the X-ray
generator fixed thereon. Hence, the X-ray generator will
rotate as the gantry rotates, and emit X-rays to the target
object at the same time, so as to scan each site of the target
object to be scanned. The gantry further comprises an
imaging device for receiving X-rays (including the X-rays
penetrating through the target object) emitted from the X-ray
generator. The imaging device converts the recerved X-rays
into electric signals, and sends such electric signals to a
console of the CT apparatus. The console of the CT appa-
ratus comprises recerving and processing the electric signals
sent by the imaging device so as to obtain a scanning 1image
of the target object including an 1mage of each site of the
target object to be scanned. In addition, the console further
comprises a display for displaying the scanning image.

The CT apparatus further comprises a gantry rotation
control device for controlling movement of the gantry. The
existing gantry rotation control device controls the gantry to
rotate at a uniform speed. However, when the rating X-ray
emitting capacity (generally represented by mA values) of
the X-ray generator of the CT apparatus 1s relatively small
and/or the sizes of some sites of the target object to be
scanned are relatively big, a scanning imaging with an
expected 1mage signal to noise ratio may not be obtained; or,
when the rating X-ray emitting capacity of the X-ray gen-
crator of the CT apparatus 1s relatively big and/or the sizes
of some sites of the target object to be scanned are relatively
small, X-rays with excessive radiation doses may be radi-
ated to these relatively small-sized sites of the target object
to be scanned.

Hence, here 1s expected a CT apparatus for controlling
rotation of a gantry at a varied velocity.

BRIEF SUMMARY OF THE INVENTION

One illustrative example of the present invention provides
a gantry rotation control device for a computed tomography
scanning apparatus. The computed tomography scanning
apparatus may comprise an x-ray generator capable of
emitting X-rays to a target object for scanning while rotat-
ing. The gantry rotation control device may comprise a
radiation dose determination unit for determining radiation
doses of the X-rays that will be emitted to each site of the
target object to be scanned, a minimum velocity determina-
tion unit for determining a minimum rotation velocity of the
gantry according to a maximum radiation dose 1n the deter-
mined radiation doses, a maximum velocity determination
unit for determimng a maximum rotation velocity of the
gantry according to the determined minimum rotation veloc-
ity, a rotation velocity determination umt for determining a
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2

rotation velocity of the gantry at any time during scanning
of the target object according to the determined minimum
rotation velocity and maximum rotation velocity, and a
gantry rotation control unit for controlling the gantry to scan
the target object while rotating according to the determined
rotation velocity when the target object 1s to be scanned.

Another illustrative example of the present invention
provides a gantry movement control method for a computed
tomography scanning apparatus. The computed tomography
scanning apparatus may comprise€ an X-ray generator
capable of emitting X-rays to a target object for scanning
while rotating. The method may comprises: determining
radiation doses of the X-rays that will be emitted to each site
of the target object to be scanned; determining a minimum
rotation velocity of the gantry according to a maximum
radiation dose in the determined radiation doses; determin-
ing a maximum rotation velocity of the gantry according to
the determined minimum rotation velocity; determining a
rotation velocity of the gantry at any time during scanning
of the target object according to the determined minimum
rotation velocity and maximum rotation velocity controlling
the gantry to scan the target object while rotating according
to the determined rotation velocity, when the target object 1s
to be scanned.

One 1llustrative example of the present invention provides
a computed tomography scanning apparatus, characterized
in that, the computed tomography scanning apparatus com-
prises a gantry rotation control device including a radiation
dose determination unit for determining radiation doses of
the X-rays that will be emitted to each site of the target
object to be scanned, a minimum velocity determination unit
for determining a minimum rotation velocity of the gantry
according to a maximum radiation dose in the determined
radiation doses, a maximum velocity determination unit for
determining a maximum rotation velocity of the gantry
according to the determined minimum rotation velocity, a
rotation velocity determination unit for determiming a rota-
tion velocity of the gantry at any time during scanning of the
target object according to the determined minimum rotation
velocity and maximum rotation velocity, and a gantry rota-
tion control unit for controlling the gantry to scan the target
object while rotating according to the determined rotation
velocity when the target object 1s to be scanned.

Other features and aspects will become much clearer

through the following detailed depictions, drawings and
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be better understood by depict-
ing the illustrative examples of the present invention 1in
combination with the following drawings:

FIG. 1 provides a schematic diagram of a Computed
Tomography (CT) scanning system according to an illustra-
tive example;

FIG. 2 provides a schematic block diagram of a gantry
rotation control device according to an illustrative example;

FIG. 3 provides a flow chart for a gantry movement
control method according to an illustrative example;

FIG. 4 provides a detailed flow chart for steps of deter-
mining a maximum rotation velocity of a gantry according
to an illustrative example; and

FIG. 5 provides a curve diagram for relation between
rotation positions of the gantry and radiation doses accord-
ing to an illustrative example.



US 10,201,322 B2

3

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The specific embodiments of the present invention will be
depicted below; it should be understood that, in order to
make a concise depiction of these embodiments, it 1s 1mpos-
sible for the present description to make detailed depiction
to all features of the actual embodiments. It should be
understood that, during the actual implementing process of
any one embodiment, e.g., during the process of any one
engineering project or designing project, in order to realize
specific objectives of developers, and to meet system related
or commerce related limits, usually various specific deci-
sions will be made, such that a transition from one embodi-
ment to another embodiment will also occur. In addition, 1t
should also be understood that, although efforts made during
the developing process may be complicated and lengthy, for
ordinary persons skilled 1n the art who are related with the
contents disclosed by the present invention, some changes 1n
design, manufacture or production on the basis of the
technical contents disclosed by embodiments of the present
invention are only customary technical means, and should
not be construed as the contents of the present ivention
being msuthciently disclosed.

Unless defined otherwise, the technical terms or scientific
terms that are used 1n the claims and the description should
have general meanings as understood by persons with ordi-
nary skills 1n the technical field to which the present inven-
tion belongs. Such words as “first” and “second” used 1n the
description and claims of the present invention patent appli-
cation do not denote any sequence, quantity or significance,
and are only used to distinguish different constituting parts.
Such words as “one”, “a”, or “an” only indicate that at least
one exists, without denoting quantity limitation. Such words
as “including” or “comprising” mean that the elements or
objects appearing before the words “including” or “com-
prising” cover the elements or objects and equivalent ele-
ments listed after the words “including” or “comprising”,
not excluding other elements or objects. Such words as
“connection” or “link” are not limited to physical or
mechanical connection, and are not limited to direct or
indirect connections, either.

FIG. 1 provides a schematic diagram of a Computed
Tomography (CT) scanning apparatus according to an 1llus-
trative example. As shown i FIG. 1, the CT apparatus
according to the illustrative example may comprise a gantry
100 compromising an x-ray generator 110 and an 1imaging
device 130, and a gantry rotation control device 200 for
controlling rotation of the gantry 100.

The gantry 100 can rotate, and the x-ray generator 110 can
emit X-rays to a target object at the same time, thereby
scanning the target object (e.g., each site of the target object
to be scanned). Hence, the gantry 100 may comprise an
X-ray generator 110 that 1s mounted and fixed on the gantry
100. The X-ray generator 110 can produce X-rays, and can
emit X-rays to a target object (e.g., a user to be scanned).
The gantry 100 can further comprise an imaging device 130.
The imaging device 130 can receive X-rays (including the
X-rays penetrating through the target object) emitted from
the X-ray generator 110, and can convert the recerved X-rays
into electric signals (1.e., 1image signals).

Though not shown in the figure, the C'T apparatus accord-
ing to the illustrative example may further comprise an
image processor and a display. The imaging device 130 can
send the image signals to the 1mage processor, and the 1mage
processor can process the received image signals, so as to
generate a scanning 1mage including an 1image of each site
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4

of the target object to be scanned. In addition, the 1image
processor can send the generated scanning image to the
display, so as to present the scanning image of the target
object via the display.

The gantry rotation control device 200 can be connected
to the gantry 100, so as to control rotation of the gantry 100
and execute a scanning operation. For example, the gantry
rotation control device 200 can send a control signal to, e.g.,
a driver of an electric motor (not shown), for driving rotation
of the gantry 100, so as to control the gantry 100 to rotate
at a diverse rotation velocity by controlling operation of the
driver, which will be depicted below 1n details.

According to the illustrative example, the gantry rotation
control device 200 can determine the rotation velocity of the
gantry 100 during the scanning of the target object 1n
accordance with hardware specifications of various assem-
blies comprised 1n the CT apparatus, size or magnitude of
the target object and/or the expected 1mage signal to noise
ratio of the scanning 1mage that will be obtained by scanming
the target object, and can control rotation of the gantry 100
in accordance with the determined rotation velocity. Here,
hardware specifications of the CT apparatus may include the
rating X-ray emitting capacity (generally represented by mA
(milliampere) values) of the X-ray generator 110, and the
rating maximum rotation velocity and the rating maximum
acceleration of the gantry 100.

FIG. 2 provides a schematic block diagram of a rotation
control device 200 according to an 1llustrative example. The
rotation control device 200 according to the illustrative
example may comprise a radiation dose determination unit
210, a minimum velocity determination unit 230, a maxi-
mum velocity determination unit 250, a rotation velocity
determination unit 270 and a gantry rotation control unit
290.

The radiation dose determination unit 210 can determine
radiation doses of the X-rays that will be emitted to each site
ol the target object to be scanned when the gantry 100 (i.e.,
including the X-ray generator 110 1n the gantry 100) scans
cach site to be scanned. For example, the radiation dose
determination unit 210 can firstly make the gantry 100
conduct a scout scan of the target object, thereby obtaining
a scout 1image. Then, the radiation dose determination unit
210 determines radiation doses of the X-rays that will be
emitted by the x-ray generator 110 to each site of the target
object to be scanned, according to the obtained scout image
and an expected 1mage signal to noise ratio. The radiation
dose can be represented by mAs (milliampere second), 1.e.,
the rating X-ray emitting capacity (mA) of the X-ray gen-
erator 110 1s multiplied by the scanning time (s) 1n which the
X-ray generator 110 scans the site to be scanned.

FIG. 5 provides a curve diagram for relation between
rotation positions of the gantry 100 and radiation doses
according to an illustrative example.

In the current illustrative example, when scanning opera-
tion 1s executed, the gantry 100 can rotate 360°, thereby
scanning each site of the target object to be scanned.
Because magnitude or size of the sites of the target object to
be scanned 1s different, and/or because the ability of the sites
of the target object to be scanned for absorbing X-rays 1s
different, 1n order to obtain a scanning image with an
expected 1mage signal to noise ratio, radiation doses of
X-rays which are emitted to the target object when the
gantry 100 rotates to different positions can be diflerent. As
shown 1 FIG. 5, when scanning operation is started, the
gantry 100 can start rotating from the mnitial position (i.e.,
0°), and emit X-rays to the target object. When the gantry
100 rotates to a position near 90°, the radiation dose reaches
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the maximum value, and when the gantry 100 rotates to a
position near 180°, the radiation dose reaches the minimum
value. When rotating one circumierence and returning to the
initial position (1.e., 0°), the x-ray generator 110 can stop
emitting X-rays to the target object, and finish scanning
operation.

In the current illustrative example, the functions and
operations of the radiation dose determination unit 210 as
described herein can be realized through the mA modulation
techniques known to persons skilled in the art, such that a
curve for relation between rotation positions and radiation
doses as shown in FIG. § can be obtained.

When radiation doses of the X-rays that will be emitted by
the x-ray generator 110 to each site of the target object to be
scanned are determined, the radiation dose determination
unit 210 can send information related to the determined
radiation doses to the minimum velocity determination unit
230. Here, information related to the determined radiation
doses can comprise information related to the curve, as
shown 1n FIG. 5. However, the illustrative example 1s not
exhaustive, and 1n other illustrative examples, information
related to the determined radiation doses can be a lookup
table, which records the relation between rotation positions
and radiation doses.

When information related to the determined radiation
doses 1s received, the minimum velocity determination unit
230 can determine the minimum rotation velocity of the
gantry 100 according to the maximum radiation dose in the
determined radiation doses. During the scanning, the lower
the rotation velocity of the gantry 100 i1s, the greater the
radiation dose of X-rays from the x-ray generator 110 to the
target object 1s. Hence, at the rotation position correspond-

ing to the maximum radiation dose, the rotation velocity of
the gantry 100 can be minimal.

However, the 1llustrative example 1s not exhaustive, and
in other illustrative examples, the radiation dose determina-
tion unit 210 can send information related to the maximum
radiation dose in the determined radiation doses to the
mimmum velocity determination unit 230.

For example, the mmimum velocity determination unit
230 can compute the minimum rotation velocity V
according to the following formula 1:

Vmin:mAmax/mASmﬂx (1)

In the formula 1, mA_ _ 1s the rating maximum X-ray
emitting capacity of the x-ray generator 110 (1.e., the X-ray
generator 110 1n the gantry 100), and mAs___ 1s the maxi-
mum radiation dose (e.g., the peak value to which the
rotation position near 90° corresponds in FIG. 5) in the
determined radiation doses. In the current illustrative
example, the unit for the rotation velocity of the gantry 100
can be RPS (rotations per second).

When the minimum rotation velocity V_ . of the gantry
100 1s determined, the minimum velocity determination unit
230 can send information related to the determined mini-
mum rotation velocity V_ . to the maximum velocity deter-
mination unit 250 and the rotation velocity determination
unit 270. When information related to the determined mini-
mum rotation velocity 1s received, the maximum velocity
determination unit 250 can determine the maximum rotation
velocity of the gantry 100 according to the determined
mimmum rotation velocity V_ . .

For example, the maximum velocity determination unit
250 can compute the first maximum rotation velocity V
according to the following formula 2:
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{S =X (Vi + Vmaxl)/g (2)

Vil = Voun + @ X1

In formula 2, S 1s a distance by which the gantry 100
passes when rotating from a position (e.g., a position near
90° as shown 1n FIG. 5) corresponding to a site of the target
object to be scanned that corresponds to the maximum
radiation dose to another position (e.g., a position near 180°
as shown in FIG. 5) corresponding to a site of the target
object to be scanned that corresponds to the minimum
radiation dose 1n the determined radiation doses. Vmin 1s the
determined minimum rotation velocity of the gantry 100, a
1s the rating maximum acceleration of the gantry 100, and t
1s time that 1s needed when the gantry 100 1s accelerated at
the rating maximum acceleration a from the minimum
rotation velocity Vmin to the maximum rotation velocity
Vmax1. The umt for S can be circumierence, for example,
the distance S by which the gantry 100 passes when rotating
from the position near 90° 1n FIG. 5 to the position near 180°
in FIG. 5 can be about ¥4 circumierence. Here, the radiation
dose determination unit 210 can send information related to
the determined radiation doses to the maximum velocity
determination unit 250, or can send information related to
only the minimum radiation dose 1n the determined radiation
doses to the maximum velocity determination unit 2350.

However, the illustrative example 1s not exhaustive, and
in other 1llustrative examples, the maximum velocity deter-
mination unit 250 can also determine the first maximum
rotation velocity V, . when the rating maximum rotation
velocity of the gantry 100 1s taken into consideration. That
1s, when the V_ . computed according to the formula 2 1s
greater than the rating maximum rotation velocity of the
gantry 100, the maximum velocity determination unit 250
can determine the rating maximum rotation velocity of the
gantry 100 to be the first maximum rotation velocity V..

The maximum velocity determination unit 250 can also
compute the second maximum rotation velocity V
according to the following formula 3:

rax?z

Vmcer :mAmax/mASmin (3 ) -

In formula 3, mA ____1s the rating maximum X-ray emit-
ting capacity of the x-ray generator 110, and mAs_ . 1s the
minimum radiation dose (e.g. the peak value to which the
rotation position near 180° corresponds 1 FIG. 5) 1n the
determined radiation doses.

Then, the maximum velocity determination unit 2350 can
determine whether the first maximum rotation velocity
V greater than the second maximum rotation velocity
V_ . When it1s determined that the first maximum rotation
velocity V. 1s greater than the second maximum rotation
velocity V., the maximum velocity determination unit
250 can determine the second maximum rotation velocity
V__  to be the maximum rotation velocity of the gantry
100. When the first maximum rotation velocity V. 1s not
greater than the second maximum rotation velocity V_ .,
the maximum velocity determination unit 250 can determine
the first maximum rotation velocity V_ . to be the maxi-
mum rotation velocity of the gantry 100.

When the maximum rotation velocity of the gantry 100 1s
determined, the maximum velocity determination unit 250
can send information related to the determined maximum
rotation velocity to the rotation velocity determination unit
270. When information related to the determined minimum
rotation velocity V_ . and information related to the deter-
mined maximum rotation velocity are received, the rotation

maxl




US 10,201,322 B2

7

velocity determination unit 270 can determine a rotation
velocity of the gantry 100 at any time during the scanning of
the target object according to the determined minimum
rotation velocity V_ . and maximum rotation velocity. For
example, the rotation velocity determination unit 270 can
obtain a curve of the rotation velocity of the gantry 100
relative to time or rotation position.

For example, because the gantry 100 starts rotating from
the 1nitial position when starting scanning the target object,
and returns to the initial position after scanning 1s finished,
the rotation velocity determination unit 270 can divide the
rotating process of the gantry 100 1nto a decelerating process
of rotating from the position (the position near 90° 1n FIG.
5) corresponding to the maximum rotation velocity V., to
the position (the position near 180° in FIG. 5) corresponding
to the minimum rotation velocity V_ . and an accelerating
process of rotating from the position (the position near 180°
in FIG. 5) corresponding to the minimum rotation velocity
to the position (the position near 90° in FIG. 5) correspond-
ing to the maximum rotation velocity.

During the decelerating process, the rotation velocity
determination unit 270 can obtain the rotation velocity V, at
time t according to the following formula 4:

Vr — Vmﬂx_ d lr

(4).

In formula 4, v_ __1s the maximum rotation velocity of the
gantry 100 that 1s determined by the maximum velocity
determination unit 250, and a, 1s the acceleration of the
gantry 100 when rotating at a decelerating speed, and can be
decided by the braking ability of the braking device (not
shown) of the gantry 100.

During the accelerating process, the rotation velocity
determination unit 270 can obtain the rotation velocity V., at
time t according to the following formula 5:

V.=V, . Fast

(3).

In formula 3, v,_ . 1s the minimum rotation velocity of the
gantry 100 that 1s determined by the minimum velocity
determination unmit 230, and a, 1s the acceleration of the
gantry 100 when rotating at an accelerating speed, and can
be decided by the driving ability of the driver (not shown)
of the gantry 100.

When the rotation velocity of the gantry 100 at any time
during scanning ol the target object 1s determined, the
rotation velocity determination unit 270 can send informa-
tion related to the determined rotation velocity to the gantry
rotation control unit 290. Here, information related to the
determined rotation velocity can comprise nformation
related to the curve of the rotation velocity of the gantry 100
relative to time or rotation position, or can be a lookup table
that records the relation of the rotation velocity of the gantry
100 relative to time or rotation position.

When information related to the determined rotation
velocity 1s received, the gantry rotation control unit 290 can
generate gantry control signals according to information
related to the determined rotation velocity, and provide the
gantry control signals as generated to the gantry 100 (e.g.,
the driver (not shown) of the gantry). Hence, the gantry 100
will rotate according to the determined rotation velocity
when conducting scanning operation.

According to the illustrative example, the rotation control
device 200 and the CT apparatus comprising the rotation
control device 200 can determine the rotation velocity of the
gantry 100 in accordance with hardware specifications of
various assemblies comprised in the CT apparatus, size or
magnitude of the target object, and/or the expected 1mage
signal to noise ratio of the scanning image that will be
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obtained by scanning the target object. Hence, the gantry
100 can rotate at the determined rotation velocity, e.g. rotate
at a varied speed, during the scanning, so a scanning image
with an expected signal to noise ratio can be obtained,
scanning time 1s shortened, radiation doses acceptable to the
target object are decreased.

FIG. 3 provides a flow chart for a gantry movement
control method according to an illustrative example. The
gantry movement control method according to the 1llustra-
tive example can be used to control the gantry 100 in the
Computed Tomography (CT) scanning apparatus as stated
above, so as to enable the x-ray generator 110 to emit X-rays
to the target object for scanning while rotating. For simplic-
ity, repetitive depiction of the same or similar elements or
features will be omatted.

As shown 1n FIG. 3, radiation doses of the X-rays that will
be emitted to each site of the target object to be scanned can
be determined (S310). For example, the gantry 100 can be
controlled to conduct scout scan of the target object, so as to
obtain a scout 1image, and then radiation doses of the X-rays
that will be emaitted by the x-ray generator 110 to each site
of the target object to be scanned can be determined accord-
ing to the obtained scout image and an expected i1mage
signal to noise ratio.

The minimum rotation velocity V. of the gantry 100 can
be determined according to the maximum radiation dose in
the determined radiation doses (S330). For example, the
minimum rotation velocity V__ = of the gantry can be
computed according to the following formula 1:

sz’n :mAmax/mASmﬂx (1 )

In formula 1, mA ____1s the rating maximum X-ray emit-
ting capacity of the x-ray generator 110, and mAs___1s the
maximum radiation dose in the determined radiation doses.

The maximum rotation velocity V_ __ of the gantry 100
can be determined according to the determined minimum
rotation velocity V, . (5350).

FIG. 4 provides a detailed flow chart for determining a
maximum rotation velocity V_ _of a gantry (S350) accord-
ing to an illustrative example.

As shown 1n FIG. 4, the first maximum rotation velocity
V_ . and the second maximum rotation velocity V_ __, can
be determined (S351).

For example, the first maximum rotation velocity V_ .
can be computed according to the following formula 2

{S =X (Vi + Vmaxl)/g (2)

Vil = Vioun +a Xt

In the formula 2, S 1s a distance by which the gantry 100
passes when rotating from a position corresponding to a site
of the target object to be scanned that corresponds to the
maximum radiation dose to another position corresponding
to a site of the target object to be scanned that corresponds
to the minimum radiation dose 1n the determined radiation
doses. Vmin 1s the determined minimum rotation velocity of
the gantry 100, a 1s a rating maximum acceleration of the
gantry 100, and t 1s time that 1s needed when the gantry 100
1s accelerated at the rating maximum acceleration a from the
minimum rotation velocity Vmin to the first maximum
rotation velocity Vmaxl1.

Here, whenthe V_ __, computed according to formula 2 1s
greater than the rating maximum rotation velocity of the
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gantry 100, the rating maximum rotation velocity of the
gantry 100 can be determined to be the first maximum
rotation velocity V..

In addition, the second maximum rotation velocity V,
can be computed according to the following formula 3

Vmcer :mAmax/mASmin (3) -

In formula 3, mA__ __ 1s the rating maximum X-ray emit-

ting capacity of the x-ray generator 110, and mAs_ . 1s the
minimum radiation dose in the determined radiation doses.

Then, 1t can be determined whether the first maximum
rotation velocity V. 1s greater than the second maximum
rotation velocity V.

When 1t 1s determined that the first maximum rotation
velocity V. 1s greater than the second maximum rotation
velocity V., (Yes at S353), the second maximum rotation
velocity V__ ., can be determined to be the maximum
rotation velocity V_ of the gantry 100 (S355). When 1t 1s
determined that the first maximum rotation velocity V. 1s
not greater than the second maximum rotation velocity V.,
(No at S353), the first maximum rotation velocity V. can
be determined to be the maximum rotation velocity V___of
the gantry 100 (S357).

Returming to FIG. 3, when the mimimum rotation velocity
V_ . and the maximum rotation velocity V,_ __ are deter-
mined (S3501, the rotation velocity of the gantry 100 at any
time and/or any rotation position during scanning oi the
target object can be determined according to the determined
mimmum rotation velocity V_. and maximum rotation
velocity V. (8370). Since the method of determining the
rotation velocity of the gantry 100 has been depicted above,
no more repetitive depictions are provided here.

After the rotation velocity of the gantry 100 1s determined,
during scanning of the target object, the gantry 100 can be
controlled to rotate according to the determined rotation
velocity, and to scan the target object at the same time
(S390).

According to the illustrative example, the gantry move-
ment control method can determine the rotation velocity of
the gantry 100 1n accordance with hardware specifications of
various assemblies comprised in the CT apparatus, size or
magnitude of the target object, and/or the expected 1mage
signal to noise ratio of the scanning image that will be
obtained by scanning the target object. Hence, the gantry
100 can rotate at the determined rotation velocity, e.g., rotate
at a varied speed, during the scanning, so a scanning image
with an expected signal to noise ratio can be obtained,
scanning time 1s shortened, radiation doses acceptable to the
target object are decreased.

Some 1illustrative examples have been depicted above.
However, 1t can be understood that various amendments can
be made. For example, 1f the technology as depicted 1s
executed 1n a different order, and/or, i the assemblies 1n the
system, framework, device or electric circuit as depicted are
combined in a different manner and/or substituted or supple-
mented by additional assemblies or their equivalents, an
appropriate result can be achieved. Accordingly, other
embodiments all fall within the protection scopes of the
claims.

What 1s claimed 1s:

1. A gantry rotation control device for a computed tomog-
raphy scanning apparatus, the computed tomography scan-
ning apparatus comprising a gantry rotatable around a target
object and an x-ray generator coupled to the gantry, the x-ray
generator capable of emitting X-rays to the target object for
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scanning while rotating, the gantry rotation control device
connected to the gantry and comprising a computer config-
ured to:
determine radiation doses of the X-rays that will be
emitted to each site of the target object to be scanned;
determine a minimum rotation velocity of the gantry
according to a maximum radiation dose in the deter-
mined radiation doses:
determine a maximum rotation velocity of the gantry
according to the determined minimum rotation veloc-
ity
determine a rotation velocity of the gantry at any time
during scanning of the target object according to the
determined minimum rotation velocity and the deter-
mined maximum rotation velocity; and
control the gantry to scan the target object while rotating,
the gantry according to the determined rotation veloc-
ity, when the target object 1s to be scanned.
2. The gantry rotation control device according to claim 1,
turther configured to:
control the gantry to conduct a scout scan of the target
object to obtain a scout 1image; and
determine radiation doses of the X-rays that will be
emitted by the x-ray generator to each site of the target
object to be scanned, according to the obtained scout
image and an expected 1image signal-to-noise ratio.
3. The gantry rotation control device according to claim 1,
further configured to:
compute the minimum rotation velocity V_ . of the gantry
according to:

Vo =mA, . /mAs

wherein mA___ 1s a rating maximum X-ray emitting
capacity of the x-ray generator, and mAs___ 1s the
maximum radiation dose 1n the determined radiation
doses.
4. The gantry rotation control device according to claim 1,
further configured to:
compute a first maximum rotation velocity V. accord-

ing to:

)

S =1 X (Vi + Vmaxl)/z

wherein S 1s a distance by which the gantry passes when
rotating from a position corresponding to a site of the
target object to be scanned that corresponds to the
maximum radiation dose to another position corre-
sponding to a site of the target object to be scanned that
corresponds to the minimum radiation dose in the
determined radiation doses, V__. 1s the determined
minimum rotation velocity of the gantry, and a 1s a
rating maximum acceleration of the gantry;

compute a second maximum rotation velocity V
according to:

ax?2

%

s

wherein mA__  1s a rating maximum X-ray emitting
capacity of the x-ray generator, and mAs,  1s the
minimum radiation dose 1n the determined radiation
doses:

determine whether the first maximum rotation velocity 1s
greater than the second maximum rotation velocity;

determine the second maximum rotation velocity to be the

maximum rotation velocity of the gantry when 1t 1s

=mdAd__/mAs

in’
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determined that the first maximum rotation velocity 1s
greater than the second maximum rotation velocity, and
determine the first maximum rotation velocity to be the
maximum rotation velocity of the gantry when 1t 1s
determined that the first maximum rotation velocity 1s
not greater than the second maximum rotation velocity;
and

determine the first maximum rotation velocity to be the

maximum rotation velocity of the gantry when it 1s
determined that the first maximum rotation velocity 1s
not greater than the second maximum rotation velocity.

5. The gantry rotation control device according to claim 4,
turther configured to determine the rating maximum rotation
velocity of the gantry to be the first maximum rotation
velocity when V, . 1s greater than the rating maximum
rotation velocity of the gantry.

6. A method for determining rotation velocity of a gantry
having an x-ray generator coupled to the gantry, the x-ray
generator capable of emitting X-rays to a target object, said
method comprising:

providing a gantry rotation control device comprising a

computer;

computing via the computer a minimum rotation velocity

V__ for a gantry as a ratio of a rating maximum X-ray
emitting capacity mA__ of the x-ray generator to a

mum rotation velocity V__
according to:

maximum radiation dose mAs, . corresponding to a
first rotation position for the gantry, the maximum
radiation dose mAs___ found on a curve that relates
rotation positions of the gantry to radiation dose;

computing via the computer a first maximum rotation
velocity V. based on a distance S by which the
gantry passes when rotating from a position corre-
sponding to the maximum radiation dose mAs___ to
another position corresponding to a site of the target
object to be scanned that with a minimum radiation
dose found on the curve;

computing via the computer a second maximum rotation
velocity V_ _, as a ratio of the rating maximum X-ray
mA ___ emitting capacity of the gantry to a maximum
rotation dose mAs_ . corresponding to a second posi-
tion for the gantry, which 1s different from the first
position, as found on the curve; and

comparing via the computer the first maximum rotation
velocity V, . to the second maximum rotation veloc-
ity V_ . to determine a rotation velocity for the gantry.

7. The method according to claim 6, further comprising:

controlling the gantry to conduct a scout scan of the target
object, so as to obtain a scout 1image; and

determining radiation doses of the X-rays that will be
emitted by the x-ray generator to each site of the target
object to be scanned, according to the obtained scout
image and an expected 1mage signal-to-noise ratio.

8. The method according to claim 6, wherein the mini-
of the gantry 1s calculated

Fi

Veie=mA,, . /mAs

MR

wherein mA___ 1s a rating maximum X-ray emitting
capacity of the x-ray generator, and mAs,___ 1s the
maximum radiation dose 1n the determined radiation
doses.

9. The method according to claim 6, wherein

the first maximum rotation velocity Vmax1 1s calculated

according to:
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I X (Vmin + Vma:::l)
— 5 .

mel = me + o XTI

wheremn V_ . 1s the determined minimum rotation veloc-
ity of the gantry, o 1s a rating maximum acceleration of
the gantry, and t 1s time that 1s needed when the gantry
1s accelerated at the rating maximum acceleration o
from the minimum rotation velocity V_ . to the first
maximum rotation velocity V_  _;

the second maximum rotation velocity V_ __, 1s calculated
according to:

Vmcer :mAmax/mASmin:

wherein the second maximum rotation velocity 1s the
maximum rotation velocity of the gantry when the first
maximum rotation velocity 1s greater than the second
maximum rotation velocity, and

wherein the first maximum rotation velocity 1s the maxi-
mum rotation velocity of the gantry when the first
maximum rotation velocity 1s not greater than the
second maximum rotation velocity.

10. The method according to claim 9, wherein computing

the first maximum rotation velocity, the rating maximum
rotation velocity of the gantry 1s determined to be the first
maximum rotation velocity when V_ . 1s greater than the
rating maximum rotation velocity of the gantry.

11. A computed tomography scanning apparatus, com-
prising:

a gantry rotatable around a target object;

an x-ray generator coupled to the gantry and capable of

emitting X-rays to a target object for scanning while the
gantry rotates; and

a gantry rotation control device configured to control

operation of the gantry and the x-ray generator, wherein

the gantry rotation control device comprises a computer

configured to:

determine radiation doses of the X-rays that will be
emitted to each site of the target object to be scanned;

determine a mimimum rotation velocity of the gantry
according to a maximum radiation dose 1n the deter-
mined radiation doses;

determine a maximum rotation velocity of the gantry
according to the determined minimum rotation
velocity;

determine a rotation velocity of the gantry at any time
during scanning of the target object according to the
determined minimum rotation velocity and maxi-
mum rotation velocity; and

control the gantry to scan the target object while
rotating according to the determined rotation veloc-
ity, when the target object 1s to be scanned.

12. The computed tomography scanning apparatus
according to claim 11, wherein the gantry rotation control
device 1s configured to:

control the gantry to conduct a scout scan of the target

object to obtain a scout 1image; and

determine radiation doses of the X-rays that will be

emitted by the x-ray generator to each site of the target
object to be scanned, according to the obtained scout
image and an expected 1image signal to noise ratio.

13. The computed tomography scanning apparatus
according to claim 11, wherein the gantry rotation control
device 1s configured:
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compute the minimum rotation velocity V. of the gantry
according to:

V o.=mA, _ /mAds

MR

wherein mA___ 1s a rating maximum X-ray emitting
capacity of the x-ray generator, and mAs___ 1s the
maximum radiation dose 1n the determined radiation
doses.

14. The computed tomography scanning apparatus
according to claim 11, wherein the electronic gantry rotation
control device 1s configured to:

compute a first maximum rotation velocity V_ . accord-

ing to:

El

S = IX(VmEn + Vmaxl)/Q
Vinax1 = Vin + a X1

wherein S 1s a distance by which the gantry passes when
rotating from a position corresponding to a site of the
target object to be scanned that corresponds to the
maximum radiation dose to another position corre-
sponding to a site of the target object to be scanned that
corresponds to the minmimum radiation dose in the
determined radiation doses, V 1s the determined
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minimum rotation velocity of the gantry, and a 1s a
rating maximum acceleration of the gantry;

compute a second maximum rotation velocity V
according to:

Vm.-:er :mAmax/mASmin:

wherein mA__  1s a rating maximum X-ray emitting

capacity of the x-ray generator, and mAs,_. 1s the
minimum radiation dose in the determined radiation
doses;
determine whether the first maximum rotation velocity 1s
greater than the second maximum rotation velocity;
determine the second maximum rotation velocity to be the
maximum rotation velocity of the gantry when 1t 1s
determined that the first maximum rotation velocity 1s
greater than the second maximum rotation velocity; and
determine the first maximum rotation velocity to be the
maximum rotation velocity of the gantry when 1t 1s
determined that the first maximum rotation velocity 1s
not greater than the second maximum rotation velocity.
15. The computed tomography scanning apparatus
according to claim 14, wherein the gantry control device 1s
configured to determine the rating maximum rotation veloc-
ity of the gantry to be the first maximum rotation velocity
when V15 greater than the rating maximum rotation

FRLAEX

velocity of the gantry.
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